This supplementary material provides detailed additional information about time-resolved magneto-optical (MO) experiments in CuMnAs epitaxial layers.
Magneto-optical Voigt effect
We investigated properties of CuMnAs epilayers by a pump-and-probe experimental technique (details are provided in the Methods section of the main text). The rotation of the polarization plane of probe pulses is caused by magneto-optical Voigt effect, which is a rotation of the polarization plane of linearly polarized light when passing through a material with magnetic moments perpendicular to the light propagation direction. s1 Let us suppose that the linearly polarized light arrives under normal incidence to the surface of the (anti)ferromagnetic sample with in-plane orientation of magnetic moments and that the angle between light electrical vector E and magnetization M is equal to 45°. After transmission through the sample the light polarization is rotated by angle and the light become partially elliptically polarized with ellipticity . This effect is a consequence of a different complex index of refraction for light polarized along (n  ) and perpendicular (n  ) to the magnetization and it can be expressed as 
where d is the thickness of the magnetic film, ∈  and ∈  are the diagonal components of the permitivity tensor for light polarized along and perpendicular to the magnetization, respectively, � � is the average refractive index, ∈ �� is the off-diagonal permitivity of the ferromagnetic material,  and c are frequency and speed of light, respectively. The diagonal components of the permitivity are even in magnetization while the off-diagonal element is odd in M. s2 Consequently, it follows from Eq. (s1) that the Voigt effect is to lowest order quadratic in M. 2 For antiferromagnets, ∈ �� is zero but ∈  � ∈  remains and, therefore, unlike Faraday and Kerr effects, the Voigt effect can be also used for a study of antiferromagnets.
s1
The terminology used for this MO effect is not unique s3 -it is also sometimes denoted as magnetic birefringence. s1 Moreover, in reflection geometry also the terms quadratic magneto-optical Kerr effect (QMOKE) and Hubert-Schäfer effect are used. s3 When the experimentally measured quantity is not the polarization rotation but intensities transmitted (or reflected) for light parallel and perpendicular to the magnetic moments, the name magnetic linear dichroism (MLD) is usually used. s2 This effect is schematically illustrated in Fig. S1a . The light polarization, described by an electrical vector E, can be written as a sum of two mutually orthogonal polarizations: E  which is parallel to the magnetic moments and E  which is perpendicular to the magnetic moments. Behind the sample the electrical vectors are E'  = aE  and E'  = bE  where a and b are the corresponding amplitude transmission coefficients. Due to MLD light with one polarization is absorbed more in the sample than light with the second polarization, i.e., a  b. To quantify this effect the MLD asymmetry parameter A can be defined as
where I  and I  are light intensities transmitted for light polarization parallel and perpendicular do M, respectively. And it can be shown that the following equation holds s2
Alternatively, the polarization rotation  can be derived directly from transmitted amplitudes of light: due to a  b the orientation of E' behind the sample is rotated by an angle with respect to E (see Fig. S1a 
where the magneto-optical coefficient P is defined as
and  and  describe the in-plane orientation of magnetic moments and light polarization, respectively [see Fig. S1 (b)]. We note this angular dependence is identical to that derived in Ref. s2. Alternatively, P can be expressed as 3 where the temperature-independent proportionality constant k describes the wavelengthdependence of the measured MO signals. We note that this close link between the Voigt effect and MLD was verified also experimentally both in X-ray (see Fig. 3 The solution of this problem is to heat up the sample locally by a pump pulse which decreases the (sublattice) magnetization M. Consequently, in the excited region the polarization rotation experienced by probe pulse, which depends through P quadratically on M, is smaller in a comparison with the situation without the pump pulse (see Fig. 1(b) in the main text). This polarization rotation change caused by a (relatively small) pump-induced demagnetization is
where M (t) is the pump-induced change of M.
In a more general case, when light arrives with an angle of incidence  (see Fig. 2 (a) in the main text), the rotation of light polarization due to Voigt effect is given by
Figure S1: Schematic illustration of the link between Voigt effect and magnetic linear dichroism (MLD).
(a) Linearly polarized light can be written as a sum of two perpendicular polarizations which are parallel and perpendicular to the magnetic moments (depicted by sublattice magnetizations M 1 and M 2 ), respectively. These two polarizations are absorbed differently (due to MLD) and, consequently, the light polarization plane is rotated by angle  behind the sample (the Voigt effect). (b) For light at normal incidence, magnetic linear dichroism is sensitive to a relative orientation of the in-plane projections of M 1 and M 2 , which are described by angle , and light polarization plane, which is described by angle . The angles are positive for counterclockwise direction when the sample is observed along the incident light;  = 0° correspond to s-polarized (vertical) linear polarization. 4 Verification of CuMnAs origin of measured MO data In Fig. 1 in the main text we show that the detected MO signals depend on the polarization of the probe pulses, as predicted by Eq. (s8). To confirm that this signal is really connected with the easy axis position in the CuMnAs layer, we performed measurements for two orientations of the sample, which differ by 45° in-plane rotation (see inset in Fig. S2 ). In Fig. S2 we illustrate that for a fixed probe polarization orientation () the rotation of the sample (i.e., the easy axis position, ) by 45° leads exactly to the behavior predicted by Eq.
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(s8).
Figure S2: Verification of MO signal change for rotated sample. Comparison of MO signals for two orientations of the sample, which differ from each other by in-plane rotation for 45°, measured using (a) vertical ( = 0°) and (b) diagonal ( = 45°) probe polarizations, as depicted in insets. Data were measured in transmission geometry in uncapped 10 nm CuMnAs film at 15 K using pump and probe pulses at 820 nm.
Theoretically, it might be also possible that the measured MO signals come from the GaP substrate and not from the CuMnAs layer. To verify this, we performed the experiment also in a bare GaP substrate without any CuMnAs layer -the obtained results are shown in Fig. S3 . Clearly, the detected MO signal is much weaker and, moreover, there is not any pronounced polarization dependence. Therefore, the experiments shown in Figs. S2 and S3 clearly confirm that the MO signals shown in Fig. 1 in the main paper come from the CuMnAs epilayer. Figure S3 : MO signal measured in bare GaP substrate for several orientations of probe pulses polarization plane. Data were measured in transmission geometry at 15 K using pump and probe pulses at 820 nm.
Verification of magnetic origin of measured MO data
In principle, the measured dynamical MO signals can contain information not only about the pump-induced magnetization change but also about the pump-induced change of the complex index of refraction (the so-called "optical part" of the MO signal). s6 Consequently, the dynamics of both the rotation and ellipticity has to be measured and compared before the The polarization rotation () and elipticity (induced by Voigt effect can be described as , (s9) .
Here M is the magnetization and f  and f  are functions that depend on the electronic properties of the material and that can be expressed in terms of the refractive index and the absorption coefficient. Consequently, the pump-induced change of rotation (t) and elipticity (t) can be written as
These formulas show that if the change of the magnetization M(t) is the main contribution in the measured MO data, the pump-induced dynamics of rotation and elipticity should have the same time dependence. They should differ only in a magnitude because of a different constants f  and f  . On the contrary, if the pump-induced change of optical properties is the main contribution to the measured signal, the dynamics of rotation and elipticity cannot be the same because f  (t) and f  (t) are generally different. In Fig. S4 we show the experimentally measured pump-induced change of the rotation and elipticity. The magnitude of the elipticity signal is approximately 2.4-times larger than that of the rotation, but their shapes are the same for t  20 ps. This confirms that the measured MO data have a magnetic origin. Figure S4 : Comparison of pump-induced rotation and elipticity change. Data were measured in transmission geometry in uncapped 10 nm CuMnAs film at 15 K using pump and probe pulses at 920 nm.
Independence of measured MO signals on pump pulse polarization In Fig. S5 we illustrate that the measured MO signals do not depend on the polarization of pump pulses. This is in accord with our interpretation that the measured MO signal originates from the pump-induced thermal demagnetization. Figure S5 : Independence of MO signal on pump pulse polarization. a, MO signal measured for circularly (left and right) and linearly (vertically) polarized pump pulses. b, MO signal measured for linearly polarized pump pulses. Data were measured in transmission geometry in uncapped 10 nm CuMnAs film at 15 K using pump and probe pulses at 820 nm.
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Independence of measured MO signal on external magnetic field
Magnetic properties of the CuMnAs layers were examined using a neutron diffraction and superconducting quantum interference device (SQUID) and it was shown that this material is a fully compensated antiferromagnet. s7 To verify that the measured MO signals are not, for example, due to some uncompensated magnetic moments present in the studied samples, we performed the experiments with and without an external magnetic field of 500 mT. In Fig. S6 we show that this magnetic field has absolutely no effect on the measured MO signal, which is the expected result for a compensated antiferromagnet. Figure S6 : Independence of MO signal on external magnetic field. Magnetic field was applied at 45° from the sample easy axis. Data were measured in transmission geometry in uncapped 10 nm CuMnAs film at 15 K using pump and probe pulses at 820 nm.
Spectral dependence of measured MO signal
It is quite difficult to measure a sign and a magnitude of static MO coefficient P in compensated antiferromagnets. However, we can deduce a spectral dependence of the relative magnitude of P from a spectral dependence of the measured dynamical MO signal, which is shown in Fig. S7 . Pump and probe pulses had the same wavelength in this degenerate experiment. Absorption coefficient of CuMnAs almost does not depend on the wavelength from 700 nm to 1000 nm, where the Ti:Al 2 O 3 laser is tunable. Consequently, for a constant fluence of pump pulses, the pump-induced demagnetization is the same for all the wavelengths from this spectra range and, therefore, the measured spectral dependence shown in Fig. S7 is given solely by a spectral dependence of P [cf. Eqs. (s6) and (s7)]. From the measured dependence of the MO signal on the probe polarization (see Fig. 1 7 of the GaP substrate) and a negative sign of M S we can also deduce that in the used transmission geometry P > 0 (i.e, a > b) in the spectral range from 720 nm to 920 nm. Figure S7 : Spectral dependence of MO signal for time delay t = 60 ps. Data were measured in transmission geometry in uncapped 10 nm CuMnAs film at 15 K using the same wavelength of pump and probe pulses and a constant fluence of pump pulses.
Determination of Néel temperature from measured MO signals
Voigt effect is MO effect quadratic in magnetization [see Eqs. (s1) and (s6)]. Therefore, unlike for Kerr and Faraday effects, the MO signals from oppositely oriented magnetic sublattices add up. For each sublattice, the temperature dependence of magnetization can be approximated near (and below) the phase transition temperature by a formula
where T N is a Néel temperature and  is a critical exponent, which is for the three-dimensional
Heisenberg model equal to 0.367. s8-s10 Absorption of the pump pulse leads to a sample temperature increase T which results in a modified temperature dependence of the sublattice magnetization, as schematically illustrated in Fig. S8(a) . Therefore, using Eqs. (s4) and (s6), the temperature dependence of the pump-induced change of the MO signal due to the laserinduced demagnetization, which is measured for time delay t by probe pulses with polarization orientation  =  -45°, can be expressed as
Consequently, it follows from Eq. (s13) for
The measured MO data for the uncapped (Fig. 4(c) in the main text) and Al-capped (Fig. 4(d) in the main text) 10 nm CuMnAs epilayer were fitted by Eq. (s15) plus a temperatureindependent background, which is presumably coming from the GaP substrate (see Fig. S3 ). The deduced critical exponent determined by the fitting ± 0.03) agrees well with that predicted by the Heisenberg model.
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Figure S8: Schematic illustration of effect of pump pulse-induced sample heating. a, Temperature dependence of a sublattice magnetization M, which is described by Eq. (s13), without (black) and with (red) pump pulse, which leads to a sample temperature increase T. b, Expected temperature dependence of the pumpinduced MO signal, which is described by Eq. (s15). We stress that Eq. (s13) describes correctly the magnetization magnitude only for temperatures close to the critical temperature. Therefore, these figures serve solely as schematic illustrations of the involved physics.
Signal oscillations due to acoustic phonons Time-resolved signals measured in reflection geometry (both the differential reflectivity and MO signal) differ from those shown for transmission geometry in Fig. 1(c) and (d) in the main text by a presence of additional oscillations -see Fig. S9 (a) for data measured in Al-capped 10 nm CuMnAs film. Below we show that these oscillations are due to a propagation of coherent acoustic phonons in the GaP substrate s11,s12 and that they are just added to the signals which are connected with the pump-induced demagnetization in CuMnAs. The role of this "parasitic" signal is negligible if the measured data are processed at sufficiently long time delays (e.g., for t = 130 ps in the case of Fig. S9 ), as illustrated in Fig.  S9 (b). Absorption of the pump pulse in the CuMnAs layer generates a coherent wavepacket of accoustic phonons, which has the thickness of the excited CuMnAs layer and propagates into the GaP substrate. 
where v s is longitudinal acoustic sound velocity and n() is the wavelength-dependent refractive index, which is exactly the case for the data shown in Fig. S10 (c).
Figure S10: Signal oscillations due to propagation of coherent acoustic phonons. a, Schematic illustration of propagating strained GaP layer, which has a slightly different index of refraction and on which the light is partially reflected; v s is the longitudinal acoustic sound velocity. b, Dependence of differential reflectivity on time delay for various wavelengths. Data were measured in uncapped 46 nm CuMnAs film at 15 K using the same wavelength of pump and probe pulses for pump fluence 0.7 mJ/cm 2 . c, Dependence of the oscillation period, which was deduced from part b, on laser wavelength (points). The line is a fit by Eq. (s16). d, Asmeasured time-resolved MO signal in Al-capped 10 nm CuMnAs film in reflection geometry at 15 K using pump pulses at 810 nm and probe pulses at 405 nm. e, Separation of the oscillatory signal due to acoustic phonons (black line) from the non-oscillatory MO signal (red line) for data shown in part d; the second peak in the non-oscillatory MO signal for time delay 10 ps is due to the pump pulse reflection from the substrate back side. 
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One possibility how the influence of this additional signal can be removed from the measured MO signal is to process the data at sufficiently long time delays where these oscillations are no longer visible, as illustrated in Fig. S9(b) above. Alternatively, we can fit the as-measured data by a damped harmonic function, which corresponds to this propagating coherent wavepacket of acoustic phonons, and numerically remove the oscillatory signal from the measured data. This procedure, which is illustrated in Figs. S10(d) and (e), was applied to obtain the data shown in Fig. 4(d) in the main text.
MO signals measured in thicker CuMnAs epilayers
In thicker CuMnAs layers we do not see any significant pump-induced MO signals, as illustrated in Figs. S11(a) and (b) for 46 nm thick layer and in Figs. S11(c) and (d) for 128 nm thick layer. The most probable explanation of this fact is the existence of an in-plane biaxial anisotropy and a sub-micrometer size of domains, which are considerably smaller than the beam size, as was observed experimentally by XMLD-PEEM in the thicker films. 
